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rat Is the State SchoS^^Mines? 



The Stat^ School of Miiies is the .college of engiheeririg of the 
University of Utah- It is an Organic part of the Utiiversity and 
enjoys alL,the advantages that spring from an intimate connection 
betTi'-een a technical college and a modern university. 



COURSES. 

The school offers seven four-year course^ leading to bachelor's 
degrees, also. graduate courses leading to the' degree of master of 
science in.several lines of engineering. The^even foUr-year courses 
are in MINING ENGINEERING, ELECTRICAL ENGINEER- 
JNG, CIVIL ENGINEERING, ME:CHANICAL ENGINEER- 
ING, CHEMICAL: ENGINEERING/. GENERAL ENGINEER- 
ING, and IRRIGATION ENGINEERING, the first part pf the 
course in irrigation engineering; being given, however, by the Agri- 
cultural College at Logan. Graduate courses are offered in each of 
these lines of engineering. 



FACILITIES AND EQUIPMENT. 

The school is provided with a iirst-clkss equipment to do its 
work. The laboratories are all well furnished, in this respect rank- 
ing with the foremost colleges of the country. The teachers are all 
specialists and the methods of instruction modern. For mining 
work the location of the school is unexcelled, S^H Lake City being 
the center of a great mining region; which makes it easy to provide 
abundant and inexpensive field' work. 



EXPENSES. 

The expenses at the scho t of registr: 

tipn and tuition being from ten to tweaty-rive dollars per y^ar. Ther 
school is perhaps the most inexpensive inind enr^^iTieprinvr mllpge in 
the country for a student to attend 

^ italogues and illustrated circu.iar^ are. seat free on reque 
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Impact Testing Machine for testing the toughness 

of macadam rock and also for testing the 

recementing value of rock dust. 
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ANNOUNCEMENT "| ^ 

Salt Lake City, Mar. 18, 1909. 

The Governor and Legislature of the State of Utah have just 
established the Utah Engineering Experiment Station "in connec- 
tion with, and as a department of the State School of Mines," the 
engineering college of the University of Utah. 

The Station is placed under the management of the Regents 
of the Univei;sity, and they are required to appoint a Station Staff 
consisting of the Director and Heads of Departments of the State 
School of Mines. 

The Station is "authorized to carry on experiments and inves- 
tigations, pertaining to any and all questions and problems that ad- 
mit of laboratory methods of study, and a solution of which would 
tend to benefit the industrial interests of the State, or would be for 
the public good, or would add to the sum of human knowledge;" 
provided, that the Station be not "authorized to concern itself with 
problems that properly belong to the Experiment Station of the 
Agricultural College of Utah." 
5 In accordance with the provisions of the bill establishing the 

^ Station, the Regents will proceed at once to organize the station 

staff, who, in turn, will outline the work that the station is to un- 
dertake in the immediate future.. Future bulletins of the State 
School of Mines, similar to this one, will be published as Bulletins 
of the Utah Engineering Experiment Station. 

JOS. F. MERRILL, * 
Director, State School of Mines. 
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INTRODUCTORY NOTE 



The work on the present bulletin was begun partly in conjunc- 
tion with and agreeably to the desires of the Salt Lake City En- 
gineer's office. Heretofore, there have been no machines for test- 
ing stone for macadamizing purposes in the State, and to enable 
road engineers to intelligently select material, the School of Mines 
installed a road testing laboratory in which series of tests will be 
made on available stone for road building purposes. 

The samples for this series of tests were collected by a repre- 
sentative from the City Engineer's office, and by a representative 
from the testing laboratory force. Samples were taken at places 
indicated by Prof. E. H. Ecckstrand, and by the City Engineer. 
About 100 pounds of stone, representative of the quarry, was taken 
and as much as necessary was used. 

The present publication is sent out for the purpose of showing 
how such materials are tested, and to give a series of comparative 
results on various rock treated the same way. 

These few tests are only introductory to the work that should 
be carried on in the different parts of the State where such informa- 
tion is needed. 

The experimental work was done mainly by Mr. R. R. Woolley, 
B. S. (M. E.), 1908. to whom due acknowledgment is miade. 

For copies of bulletins, circulars, or other information, address 
the State School of Mines, Salt Lake City, Utah. 
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LABORATORY METHODS 
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OP THS Amkkican Society op Mechanical Enginuks and Mbmbkr op ths 

Amkrican Socimr pok Testing Matbuals 



It is well known to the people of the State of Utah, that we 
have been spending vast sums of money in the form of cash* 
and labor, in the construction, care and maintenance of the public 
roads of this State. It is generally conceded that much of this 
money has been spent in such a way that much has been wasted, 
through lack of intelligence on the part of the supervisor. This is 
hardly to be wondered at when we consider the state of knowledge 
of our best engineers as to the relative value of the different stone 
available for road-building in the State. 

The State of Utah and surrounding States are provided with 
rock of nearly every variety that could be desired for road build- 
ing, and most in sufficient quantities, as well as being situated ac- 
cessibly, so that it could be used in road building. There are found 
in the foothills ledges and quarries of many kinds of rock, such as 
limestone, quartzite, granite, trap, sandstone, a large variety of 
pure igneous, as well as many other kinds of rock, surrounding 
every town, and accessibly situated, so that every road could be 
improved with a minimum cost for transportation. 

Naturally, the most important roads in and leading to the 
larger cities will and are receiving first attention. When it has 
been decided to improve a road or street, several important matters 
come up for consideration: 

1. What shall be the nature of the improvement? Shall the 
road be graded and drained only, or shall it be graded, drained and 
graveled, or shall it be covered with some form of pavement? 2. 
In case macadam pavement is decided upon, then the question ot 
vital importance to the engineer is the deciding of which of the 
available rock is the best to use. This is a technical engineering 
questior?, and can only be settled properly by knowing the amount 
and kind of traffic the road is to carry, ^nd the physical proper- 
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4 ENGINEERING DEPARTMENT 

ties of the various stone available for use. It is well known that 
a soft rock is satisfactory for some kinds of traffic, while it would 
be entirely unsatisfactory for a heavy traffic, a heavy traffic re- 
quiring a harder and tougher stone. After the amount of traffic 
has been estimated by the engineer, it is then his duty to choose 
from the available rock, one which will be able to cary the traffic 
with not too great a wear, so that mud will result in winter, and a 
great amount of dust in summer, nor one with too little wear, so 
that all the fine dust will be blown away, leaving the stone uncov- 
ered. The adaptability of any rock for road building can only "be 
known by a series of physical tests being made on the various 
available quarries, and then by comparison of the results of the 
tests, an intelligent selection can be made. 

Necessity for a Road Testing Laboratory in the State. 

Because on certain roads limestone has proved to be success- 
ful in carrying the traffic, is no reason for concluding that all lime- 
stone is good for road building. On the contrary, the tests on 
some limestone show good wearing quality, ample hardness, and 
toughness, and excellent binding and recementing qualities; while 
the tests on other limestone taken in the same vicinity, and ap- 
parently the same kind of rock, show entire lack of many of the 
necessary, physical characteristic qualities for a good road metal. 
The only ways to prove that a rock quarry contains the essential 
qualities making it adaptable to the wear it will be subjected to is 
to — 1, test the rock for its physical properties, or, 2, use the rock 
on the road and await results. Intelligent road engineering can 
only be gotten by studying the results given by the testing labora- 
tory. Many times it has proven most expensive to use a product 
— asphalt, cement, or stone — in road building without knowing its 
properties. 

It is to guard against these errors and to make the selection 
of materials used in engineering construction more intelligent, in 
which the public is interested directly, that caused the Utah State 
School of Mines to install a road testing laboratory. 

Physical Properties that Are Desirable in Rock for Road Building. 

In order to decide what physical properties a road building 
rock should contain, it is necessary for us to inquire into the wear 
that rocks are subjected to. They are: 1. The grinding action of 
the tires of vehicles. 2. The impact of the vehicles, and horses' 
feet, at rapid speed. 3. The distintegration from the elements — 
frost, rain, and wind. It is well agreed among engineers that the 
best macadamizing rock for a road is one that is hard enough to 
resist excessive wear, permitting only enough wear to replace the 
fine dust washed away by rain or blown away by wind. It should 
be tough enough so that it will resist the impact coming upon it 
without breaking continually into smaller pieces. When ground 
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Fig. I 
Abrasion Cylinder for testing the wearing quality of paving brick and paving stone. 




Fig. 2 
Abrasion Cylinders for testing the wearing quality of macadam rock. 
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Fig. 4 
Standard size pieces of Limestone before testing in abrasion cylinder for wear. 




Fig. 5 
Limestone after wearing test in abrasion cylinder. 
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TESTS OF MACADAM ROCK 6 

to a fine dust and pressed into the interstices of the larger pieces, 
it should recement well, thus forming a binder for the larger pieces. 
When a rock is too soft, too much dust is formed and the road is 
soon surfaced with a coat of mud in winter and dust in summer; 
when it is too hard, not enough dust is produced, thus gravel and 
pieces of rock project through and are soon loosened, admitting 
water into the foundation. The problem, then, is to find materials 
\vith properties such that they will best withstand the wear and cli- 
matic conditions. This can be done best and only by determining 
the hardness, wearing quality, toughness, recementing quality, the 
mineral compositions, shown by the microscope, the heaviness and 
the absorption capacity for water, of all available rock, and choos- 
ing from among them the one that shows satisfactory laboratory- 
results. While the relative cost of rock from different localities 
enter into the problem as an important consideration, it should not 
be the deciding factor, but the adaptation of the rock to the road 
to be built as measured by the heaviness of the traffic and physical 
tests should be the important factor, with cost secondary. 

Standard Tests for Determination of Physical Properties. 

Making systematic tests on materials to be used as a road 
metal was first done in France. The French engineers first recog- 
nized the difference in the wearing quality of the different rocks 
when placed on the surface of roads, and devised several tests to 
be made on the rock which would enable a comparison of the dura- 
bility of different kinds of stone to be made. These tests are an 
abrasion test, to determine the wearing quality, an impact test to 
determine the toughness of the stone, a grinding test to determine 
the hardness , a test on the cementing value of the rock dust is also 
often made. Microscopic slides of rock sections are made to deter- 
mine the mineralogical composition of rock, per cent of absorption 
of water is useful to compare the probable action of frost. Some 
of the machinery for making these tests, as well as some of the 
products, are shown in the accompanying cuts. 

The standard abrasion test as adopted by the American So- 
ciety for Testing Materials requires 30 pounds of coarsely broken 
stone to be available, and that there sihall be placed in the cylinder 
as nearly as may be, SO pieces weighing 11 pounds. The cylinder, 
as shown in the cut, is placed at an angle of 30 degrees with the 
axis of rotation. The cover on the cylinder being tight fitting, the 
materi^il is thrown from one end of the cylinder to the other, this 
continuing for 10,000 revolutions at the rate of 30 to 33 per minute. 
At the end of the test the worn material is the part which is fine 
enough to pass through a sieve having 1-16-inch mesh. The per 
cent of wear may be used in comparing different materials or the 
French coefficient of wear, which is 400 -^W. W is the weight 
in grams of detritus under 1-16-inch per kilogram of rock used. 

In the standard impact or toughness test, cylinders or cubes 
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6 ENGINEERING DEPARTMENT 

of the rock are made .985 inch in diameter and the same in height. 
These test pieces are placed on an anvil weighing 10 kilograms, with 
a cylinder of steel bearing on the top weighing 1 kilogram. A ham- 
mer weighing 2 kilograms is then dropped on the intervening 
plunger from a height of 1 centimeter for the first blow, two for the 
second, and so on until fracture occurs. The number of blows is a 
gauge of the toughness of the rock. 

The recementing value of the dust is made by grinding the 
rock into a*fine dust, moistening it into a very stiff dough, putting 
it into a mould of the same size as in the toughness test and putting 
a pressure of 1080 pounds on the surface. The test piece is taken 
out of the mould and allowed to dry, it being then put in the im- 
pact testing machine, and a 1 kilogram hammer dropped on it from 
a height of 1 centimeter until it breaks down. The number of 
blows shows the relative cementing quality of the dust. These re- 
sults on a samtple of rock along with the mineralogical composition, 
the amount of water it will absorb, hardness, and specific gravity, 
will enable an engineer to choose a suitable and desirable rock for 
the road he is ready to construct. The selection of the stone is one 
of the most important preliminary steps to be taken by the en- 
gineer in constructing and surfacing a road. 

What Should Guide in Accepting or Rejecting Stone. 

In discussing this topic I can do no better than to quote from 
a recent paper by R. S. Greenman, in Transactions of the Amer- 
ican Society for Testing Materials, Vol. VIII, page 568. Speaking 
of New York State, he says : "The great State of New York has 
become well established in the construction of fifty million dollars' 
worth of new roads. ' Experience has already taught that' greater 
care must be taken in the selection of the road metal. * * * 
The real question before us is not to make tests and secure com- 
parisons, but, having secured the results, how to draw limitations 
in the selection of stone that will be fair to both the State and 
producer. In other products we have standard requirements, but 
in this field we have yet to develop just limitations. Based on 
standard tests it would be practically impossible to draw up a gen- 
eral specification that would permit the use of a good limestone, 
and that would at the same tim<e shut out a poor trap-rock or a 
poor syenite. 

"It may be necessary that in each case local conditions shall 
first be considered and tjien a specification made to fit these condi- 
tions. With a large amount of roads about to be constructed, this 
probably would not be entirely satisfactory, so if specifications 
can be drawn covering general conditions and applying to the gen- 
eral classes of road construction, better results must be the outcome 
of such specifications. For the purpose of discussion it may be well 
to divide the roads into three general classes : Those of first class 
or grade, will be those that are 'interurban' or 'trunk lines' which 
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TESTS OF MACADAM ROCK 7 

are subject to heavy traffic and wear and which shall be made the 
best possible^ with cost a subordinate consideration; the roads of 
the second grade will be such roads as are subject to the traffic of 
an average popular country road, and which shall be constructed 
with due consideration to both wearing gualities and cost ; and' the 
third grade roads will be those which have the ordinary country 
use and of which the cost of construction and maintenance shall be 
kept as low as possible. * * * 

"If a positive requirement in the results of the tests is to be 
made we would scarcely wish to accept a stone for use that would 
not show at least a coefficient of wear of 15, a hardness of 16, a 
toughness of 13, and a cementing value of 25. We should expect 
that a good stone would show far better results in some tests than 
the figures given, but it would not fall below in any one of the 
tests. 

"For a second grade road the requirement should take a much 
more liberal character. In constructing a road of this grade cost 
would be a much more important item and the natural desire would 
be to use the best local stone ; but if the quality of the road is to be 
maintained, it will probably be necessary in a majority of cases to 
import a desirable stone. It is for this grade that there should be 
a wide range in the limitations, and yet the n^inimum requirements 
should be severe enough to shut out a decidedly inferior stone. We 
would not want to accept a stone that would not give results of at 
least 10 for coefficient of wear, 14 for hardness, 10 for toug-hness, 
and 20 for cementing value. 

"A road of the suggested third grade could be built of any local 
stone that might be obtainable as long as it had any of the needed 
qualities of the road metal. The few limitations could be just. severe 
enough to shut out any stone that had weathered badly or had not 
shown any merits for use as a road stone.'* 

It is well known that the stone made up of certain minerals 
give better satisfaction and service in roads than other minerals. A 
study of the composition of the rock can best be made by making a 
microscopic slide of a rock section and examining it under the 
microscope to determine the arrangement of the minerals and con- 
sequently properly classify the rock. 

The test for hardness is a grinding test, «made on a small cyl- 
inder of rock cut from a larger stone. The end of this cylinder is 
pressed on to a revolving plate, on which is placed emery dust. 
The amount worn off by 1000 revolutions of the wheel is a measure 
of its hardness. The laboratory has as yet no machine for making 
this test, and therefore hardness tests had to be omitted. 

An examination of the accompanying tables, giving the results 
of tests, will show that there are many ledges and quarries of rock 
that do not come up to the above standards, while many others 
give results entirely satisfactory. It is impossible |i» tell by mere 



Digitized by 



Google -^ 



8 ENGINEERING DEPARTMENT 

inspection, whether a rock will come up to the requirements to be 
made of it or not. 

Discussion of the Results of Tests. 

For the purpose of studying the properties of stone, in the 
vicinity of Salt Lake City, and comparing their good and bad quali- 
ties, which would either recommend them or reject them as rock 
for road building purposes, the writer undertook a series of tests on 
the various limestones, quartzites, sandstones, shales,, etc., which 
would be available for road building. It is not claimed that these 
few tests adequately cover the number and kinds of available rock 
for road building, on the contrary, it is only a beginning. None, 
for exanDple, of the igneous rock which are so abundant in the 
central and southern part of the State have been tested ; and many 
of these are considered the best rock for road building. A few lime- 
stone quarries have been tested to show the difference between the 
results obtained on apparently the same kind of rock. 

Examining tables No. 1, 2, 3 and 4, test No. 1 shows a fairly 
good limestone, having a coefficient of wear of 12, and a toughness 
of 13 and a cementing value of 27, with small absorption of water 
and small loss from alternate freezing and thawing, therefore, pos- 
sessing good weathering qualities. Sample No. 2 was taken from 
the City quarry, the stone from which Second Avenue was macad- 
amized. This stone shows a coefficient of wear of 3.5, a toughness 
of 7, cementing value of 3, loss on freezing and thawing of 1.24 per 
cent. The tests show a lack of the essential properties in a good 
road building rock. No. 5 shows good wearing qualities, but lacks 
in other essential qualities. No. 9 is fromi the Fort quarry, from 
which the government road was built. The tests on this rock show 
fair results. No. 12 is a good limestone, showing good wear, tough- 
ness and fair comparative cementing property, but not so good 
weathering quality. No. 15 is another fairly good limestone. It 
is seen from these results on limestone that there is a wide variation 
in the results of tests made on apparently the same kind of rock. 
It would be quite impossible for an engineer to decide between 
these limestones from mere inspection. The limestones are, per- 
haps, as variable as any class of rock in their properties, some of 
them being very good road metals, while others are worthless. 

Of the different shales tested, the comparative results show 
that they are lacking in most of the essentially good qualities neces- 
sary in a road building rock. 

The sandstones, as we would almost expect, are poor and use- 
less as rock from which to build a road for heavy traffic. They are 
soft and show great relative wear, and do not weather well. The 
tests on this class of rock were made for the purpose of comparing 
the results obtained from material we know to be poor with that 
which we believe to be good. 

The quartzites are quite universal in showing large coefficients 



Digitized by 



Google 




Fig. 6 
Pieces of Sandstone before abrasion test. 




Fig- 7 
Sandstone after abrasion test showing wear. 
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Fig. 14 

Limestone Quarry, Fort Douglas Reservation. The Fort road was made of this stone. 

Coefficient of wear 9.62, toughness 7. No. of test 9. 
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Fig. 15 
Limestone in Parley's Canyon. Test»No. 12. This stone has a coefficient of wear of 11.3, 

a toughness of 20. 
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Pig. 8 
Bingham Quartzite. 




Fig- 9 
Calcareous Shale, Dale Station. 
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Fig. lb 
Granitoid Gneiss. 




Fig. II 
Sandstone. 
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TESTS OF MACADAM ROCK 9 

of wear. However, some are much more easily worn than others. 
In toughness, the quartzites show good results, in cementing quali- 
ties, they show low results. The dust apparently lacks in adhesion. 
One sample of slag from the smelter was tested, showing fair re- 
sults. A microscopic examination of the various rock tested was 
also made. Some of the sections were magnified and photographed, 
and are reproduced in cuts 8 to 13. Each mineral of which rock is 
composed, has distinct characteristics when a very thin section of 
it is viewed in the microscope. If the microscope is equipped with 
a polarizer and analyzer for studying the mineral with polarized 
light, the various minerals show distinct characteristics which are 
easily recognized. 

In the office of public roads in Washington, D. C, a series of 
investigations on the mineralogical composition of the best rocks 
for road building was made by Edwin C. Lard, Bulletin No. 31. He 
draws the following conclusions from his researches : 

"1. Igneous and mietamorphic rocks, owing to a higher degree 
of crystallization and a preponderance of silicate minerals, offer a 
greater resistance to abrasion than nearly all varieties of sedi- 
mentary rocks. 

*'2. The coarse-grained intrusive rocks of the igneous class 
are harder, but break more readily under impact than the finer- 
grained volcanic varieties of like mineral composition. 

"3. The deleterious effect of atmospheric weathering on the 
wearing qualities of rocks has been demonstrated. 

"4. The cementing value of rocks is, to a certain degree, meas- 
ured by the abundance of secondary minerals resulting from rock 
decay. 

"5. Metamorphic rocks have, as a rule, a low binding power, 
owing to a regeneration of secondary minerals and to the effect of 
heat and pressure. The foliated types part readily 'along planes of 
schistosity, and therefore, are not well adapted to road construction. 

"6. The quantitive mineral analysis of rocks serves to a cer- 
tain extent as a measure of their useful properties for road construc- 
tion." 

The action of the weather in distintegrating the rock is a very 
slow process, but it cannot be neglected. This is especially true 
where the rock is subjected to alternate freezing and thawing when 
saturated with water. 'It is evident that the more porous the rock 
is, the larger the per cent of water it will absorb and the greater in- 
jury would result to the rock when it is subjected to the action of 
the frost. Any series of tests made on rock for the purpose of com- 
paring their abilities to resist the action of frost, is necessarily 
long and tedious. Samples of the different kinds of rock were sub- 
jected to alternate freezing and thawing, there being thirty-seven 
separate freezings made. Each time the samples were placed in 
water and all raised to the boiling point. The results show that, in 
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10 ENGINBERING DEPARTMENT 

general, the rock absorbing the most moisture breaks down the 
most. The shales, sandstones, and some of the limestones being the 
least able to resist the frost. 

The cementing test on the rock dust as made by the Bureau of 
Public Roads at Washington, is made on rock dust which has been 
ground from the rock in a ball mill to make a thick dough. After 
the grinding is finished this dough is moulded and dried and then 
tested. 

The cementing tests on these samples were made as follows: 
The fine detritus worn from the rock in the abrasion cylinders 
was moistened and then placed in a mould and the proper pressure 
was placed on the sample, after which it was dried and tested. The 
method adopted in these tests shows much lower cementing values 
than the same rock would by the government method. In the ball 
mill the rock is not only ground wet, but is also mixed into a more 
or less tough, plastic dough, and consequently the small adobe 
shows a greater tendency to cohere than if the material is ground 
dry and then moistened without being made plastic and then 
moulded. 

This method has the advantage of showing more nearly what 
effect wetting has on the dust which percolates with the water into 
the layers of the fine rock on the surface of the road. 

Conclusion. 

Experience has often demonstrated that the amount of wear, 
hardness, toughness, weathering, etc., desirable in a rock to be used 
on a road depends on the amount and kind of traffic, and to a cer- 
tain extent on the amount of wind and rain which comes in the lo- 
cality where the road is to be built. Only enough fine dust should 
be worn from •the stone to supply what is carried away, and not 
enough should be worn to make a layer of m'ud on the surface. In 
order to make the best selection in a given case, the results from a 
large series of tests of the available rock should be made — not only 
just one test from each quarry or ledge, but several from different 
parts of it, so that conclusions about the qualities of the rock yielded 
by the quarry can be accurately drawn. There is little, if any, doubt- 
but that the conclusions that will be drawn of the adaptability of a 
rock which has been used on a road after years of use, will be the 
same as the conclusions drawn from the laboratory tests, provided 
that the traffic was accurately estimated and the road kept in good 
repair. It is evident that the future use of the more important 
roads of the State will require a more permanent construction than 
merely repairing the rough surface, and then we will, more and 
more, turn our attention to the more permanent and better road 
that macadamizing will give. 
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-TA&L-e No. 1 

RESULTS OF ABRASION TESTS ON MACADAM ROCK 



KIND OF BOOK ahd 
LOCALITY 


No. 


Wt.each 

before 

Abraa'n 

lbs. 


Wt. After 

AbrMion 

^SSamplea 

lbs. OB. 


Wt.Du»t 
lbs. OB. 


Per 
Cent 
Loss 


Ooef. 

of 
Wear 


Aver. 

Ooetof 

Wear 


Silicious Limestone 

(Dry Canyon) 


1 


11 


10 
10 
10 


11 

9 

10 




5 

7 
6 


2.93 
4.13 
3.53 


14.1 

10.08 

11.78 


12.0 


Limestone 

(City Quarry) 


2 


11 


9 
9 
9 


13 
11 
11 


1 

1 
1 


3 
5 
5 


12.21 

13.5 

13.5 


3.72 
3.38 
3.3% 


3.5 


Sandstone 

(Emlgrration Canyon) 


3 


11 


8 
8 
8 


13 

7 
4 


2 
2 
2 


3 

9 

12 


24.75 

30.3 

33.3 


2.02 
1.74 
1.6 


1.8 


Shale 

(Big: Cottonwood Canyon) 


4 


11 


10 
10 
10 


3 
6 
2 




10 
13 

14 


6.4 

7.98 
8.65 


7.07 
6.43 
5.04 
14.1 
17.65 
23.5 


5.8 


Limestone 

(Emigration Canyon) 


5 


11 


10 
10 
10 


11 
12 
13 




5 
4 
3 


2.93 
2.33 
1.73 


18.5 


Silicious Limestone 

(Emigration Canyon) 


6 


11 


10 
10 
10 


5 
6 
6 




11 
10 
10 


6.65 
6.02 
6.02 


6.44 

7.07 
7.07 


6.9 


Shale 

(Big Cottonwood Canyon) 


7 


11 


10 
10 
10 


9 

9 

11 




7 
7 
5 


4.15 
4.15 
2.93 


10.01 
10.01 
14.1 


11.3 


Shale 

(Big Cottonwood Canyon) 


8 


11 


10 
10 
10 


1 


1 
1 


15 


10.00 

10.00 

9.33 


4.42 
4.42 
4.71 


4.5 


Limestone 

(Fort Quarry) 


9 


11 


10 
10 
10 


9 

8 
9 




7 
8 
7 
? 
3 
5 


4.15 

4.77 
4.16x 


10.01 

8.85 

10.01 


9.6 


Quartzite 

(Red Butte Canyon) 


10 


11 


10 
10 
10 


13 
13 
11 




1.73 
1.73 
2.93 


23.6 
23.5 
14.1 


20.3 


Quartzite 

(Big Cottonwood Canyon) 


11 


11 


10 
10 

10 


11 

11 
12 




5 

5 
4 


2.93 
2.93 
2.38 


14.1 
14.1 
17.65 


15.3 


Limestone 

(Parley's Canyon) 


12 


11 


10 
10 
10 


10 

10 

9 




6 
6 

7 
3 
2 
3 


3.53 
3.53 
4.15 


11.78 
11.78 
10.01 


11.2 


Quartzite 

(Parley's Canyon) 


13 


11 


10 
10 
10 


13 
14 
13 




1.73 
1.15 
1.73 
32.3 
29.3 
26.6 


23.5 
35.3 
23.5 


27.4 


Sandstone 

(Emigration Canyon) 


14 


11 


8 
8 
8 


5 

8 

11 


2 
2 
2 


11 
8 
5 


3.64 
1.76 
1.91 
10.01 
10.01 
8.85 


1.7 


Limestone 

(City Creek Canyon) 


15 


11 


10 
10 
10 


9 
9 
8 




•. .7 
■7 
8 


4.15 
4.15 
4.77 


9.6 


Sandstone 

(Red Butte Canyon) 


16 


11 


10 
10 
10 


4 
3 




1 


12 
13 


7.99 
10.00 


' 6.88 
6.43 
4.42 

17.66 

14.1 

14.1 

35.3 

23.6 

14.1 


5.2 


Quartzite 

(Parley's Canyon) 


17 


11 


10 
10 
10 


12 
11 
11 




4 
5 
5 
2 
3 
5 


2.33 
2.93 
2.93 


15.3 


Silicious Limestone 

(Red Butte Canyon) 


18 


11 


10 
10 
10 


14 
13 
11 




1.15 
1.78 
2.93 


24.3 


Gneiss 

(Ogden Canyon) 


19 


11 


10 
10 
10 


6 

8 
8 




10 
8 

8 


6.4 
4.77 

4.77 


7.07 
8.85 
8.86 


8.3 


Limestone 

(Ogden Canyon) 


20 


11 


10 
10 
10 


1 
4 
6 




16 
12 
10 


9.33 
7.33 
6.4 

12.1 
13.5 
11.4 


4.71 
6.88 
7.07 


5.9 


Calcareous Shale 

(Parley's Canyon) 


21 


11 


9 
9 
9 


13 
11 
14 




3 
6 
2 
2 
5 
12 


3.72 
3.36 
3.92 


3.7 


Calcareous Shale 

(Parley's Canyon) 


22 


11 


9 
9 
9 


14 

11 

4 




11.4 
13.5 
18.9 


3.92 
3.36 
2.62 


3.3 


Slag 

(Tampa Smelter) 


23 


11 


10 
10 
10 


8 
8 
6 




8 

8 

10 


4.77 
4.77 
6.4 


8.85 
8.85 
7.07 


8.3 


Quartzite 

(Blngrham Canyon) 


24 


11 


10 
10 
10 


8 
8 
6 




8 
10 


4.77 
4.77 
6.4 


8.86 
S.S6 
7.07 


8.3 


Quartzite 

(Bingham Canyon) 


25 


11 


10 
10 
10 


4 
8 
8 




12 
8 
8 


7.33 

4.77 
4.77 


5.88 
8.SS 
8.85 


7.6 


Quartzite 

(Blngrham Canyon) 


26 


11 


10 
10' 
10 


9 

8 

7 




7 
8 
9 


4. IS 

4.77 
5.4 


10.01 
8.85 
7.86 


8.9 


Granite 

(Big Cottonwood Canyon) 


27 


11 


10 

9 

10 




11 

3 


1 
1 
u 



5 

3itizel3 


10.00 
13.5 
7.98 


4.42 
3.36 
5.43 


4.5 



xabi-e: No. 2 

RESULTS OF TOUGHNESS TESTS ON MACADAM ROCK 
ALL CUBES, .985 INCH. WEIGHT OP HAMMER 2 KILOGRAMS 



KIND OF ROCK AND 
LOCALITY 


Numb IB 


NDHBEB BLOWS 

Thbbb Samplbs 

ABC 


Hban 

Valub 


Siliclous Limestone 
(Dry Canyon) 


1 


15 


9 


14 


12.66 


Umesione 

(City Quarry) 


2 


8 


8 


5 


7.0 


Sandstone 

(Emigration Canyon) 


3 


4 


3 


3 


3.33 


snale 

(Big Cottonwood Canyon) 


4 


14 


9 


16 


13.0 


Limestone 

(Emigration Canyon) 


5 


5 


8 


14 


9 


Silicious Liimestone 

(Emigration Canyon) 


6 


16 


12 


16 


14.66 


Snale 

(Big Cottonwood Canyon) 


7 


19 


10 


6 


11.66 


Shale 

(Big Cottonwood Canyon) 


8 


12 


13 


15 


13.33 


Limestone 

(Fort Quarry) 


9 


7 


6 


7 


6.66 


Quartzlte 

(Red Butte Canyon) 


10 


38 


31 


26 


31.66 


Quartzlte 

(Big Cottonwood Canyon) 


11 


27 


22 


16 


21.66 


Limestone 

(Parley's Canyon) 


12 


28 


25 


7 


20.0 


Quartzlte 

(Parleys Canyon) 


13 


26 


30 


19 


25.0 


Sands.tone 

(Emigration Canyon) 


14 


3 


4 


5 


4.0 


Limestone 

(City Creek Canyon) 


15 


8 


4 


17 


9.66 


Sandstone 

(Red' Butte Quarry) 


16 


5 


5 


3 


4.33 


Quartzlte 

(Parley's Canyon) 


17 


17 


20 


28 


21.66 


Silicious Umestone 

(Red Butte Canyon) 


18 


12 


13 


15 


13.33 


Gneiss 

(Ogden Canyon) 


19 


7 


8 


11 


8.66 


Limestone 

(Ogden Canyon) 


20 


4 


7 


8 


6.33 


Calcareous Shale 

(Parley's Canyon) 


21 


* 








Calcareous Shale 

(Parley's Canyon) 


22 


* 








Slag 

(Tampa Smelter) 


23 


9 


9 


9 


9.0 


Quartzlte 

(Bingham Canyon) 


24 


8 


5 


11 


8.0 


Quartzlte 

(Bingham Canyon) 


25 


8 


16 


17 


13.36 


Quartzlte 

(Bingham Canyon) 


26 


21 


29 


14 


21.33 


Granite 

(Big Cottonwood Canyon) 


27 


5 


4 


5 


4.66 
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Fig. 12 
Limestone (City Quarry). 




Fig. 13 
Limestone (silicious) , Dry Canyon. 
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Fig. 16 

Emigration Canyon, ahQwilig limestone having a coefficient of wear of 6.86 and toughness 

of 15. Test No. 6. 
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XABL-E No- 3 

CEMENTING QUALITY OF ROCK DUST 

CYLINDERS .965 INCH, 1 KGM, WEIGHT USED FOR HAMMER 
CYLINDERS FOURTEEN DAYS OLD 



KIND OF ROOK AND 
LOCALITY 


NUMBKB 


1 KoM. 1 Cm. Chop. 

NVM BBR Bu>ws 

THsax Samplbs 

ABC 


Hban 
VAi.ua 


SUlcious Limestone 
(Dry Canyon) 


1 


27 


34 


19 


26.66 


Limestone 

(City Quarry) 


2 


3 


3 


3 


3.0 


Sandstone 

(Emigration Canyon) 


3 


5 


5 


6 


5.33 


»bale 

(Big Cottonwood Canyon) 


4 


3 


3 


5 


3.66 


Umestone 

(Emlgrratlon Canyon) 


5 


5 


4 


4 


4.33 


Sillcious Limestone 

(Emigration Canyon) 


6 


10 


12 


8 


10.0 


Shale 

(Big Cottonwood Canyon) 


7 


9 


6 


7 


7.33 


Shale 

(Big Cottonwood Canyon) 


8 


6 


5 


6 


5.66 


Limestone 

(Fort Quarry) 


9 


5 


5 


5 


5.0 


Quartzite 

(Red Butte Canyon) . 


10 


3 


3 


3 


3.0 


Quartzite 

(Big Cottonwood Canyon) 


11 


2 


2 


_ 2 


2.0 


Limestone 

(Parley's Canyon) 


12 


6 


6 


6 


6.0 


Quartzite 

(Parley's Canyon) 


13 


7 


7 


7 


7.0 


Sandstone 

CQmigratlOn Canyon) 


14 


1 


1 


1 


1.0 


Limestone 

(City Creek Canyon) 


15 


3 


3 


2 


2.66 


Sandstone 

(Red Butte Canyon) 


16 


6- 


5 


5 


5.33 


Quartzite 

(Parley's Canyon) 


17 


2 


2 


2 


2.0 


Sillcious Limestone 
(Parley's Canyon) 


18 


3 


3 


3 


3.0 


Gneiss 

(Ogden Canyon) 


19 


3 


3 


2 


2.66 


Limestone 

(Ogden Canyon) 


20 


2 


2 


2 


2.0 


(Calcareous Shale 

(Parley's Canyon) 


21 


8 


9 


12 


9.66 


Calcareous Shale 

(Parley's Canyon) 


22 


9 


9 


9 


9.0 


Slag 

(Tampa Smelter) 


23 


3 


3 


3 


3.0 


Quartzite 

(Bingham Canyon) 


24 


3 


3 


3 


3.0 


Quartzite 

(Bingham Canyon) 


25 


5 


5 


4 


4.66 


Quartzite 

(Bingham Canyon) 


26 


1 


1 


1 


1.0 


Granite 

(Big Cottonwood Canyon) 


27 


r 


1 


1 


1.0 
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XABL-E No. ^ 

WEATHBBING PBOPBBTIES OF ROCK 



KIXDOF BOCK AND 
LUOALITY 


No. 


0OI.OB 


Wt. ih 
Watbb 


Wt. in 

AlB 


Ppeclilc 
Gravity 


Wbigbt 

AfTBR 
SOAEIHO 
WHBS. 


Percent 
Abaorp. 


Peivent 
Low after 
STFreM- 
Ingt and 
Thawliig* 


SiliciouB L.lmestone 
(Dry Canyon) 


1 


Gray 


1.96 


3.21 


2.56 


3.24 


.933 


.76 


Limestone 
(City Quarry) 


2 


Blue 


2.28 


3.66 


2.65 


3.68 


.548 


1.239 


Sandstone 
(Emigration Canyon) 


3 


Red 


1.78 


3.08 


2.36 


3.22 


.454 


41.15 


tsnale 
(Big Cottonwood Canyon) 


4 


Blue 


2.01 


3.18 


2.67 


3.19 


.314 


22.37 


Limestone 
(Eraigrration Canyon) 


5 


Grayish 


2.33 


3.78 


2.60 


3.82 


1.058 


63.98 


Slliclous Umesione 
(Eralgrratlon Canyon) 


6 


Gray 


6.39 


10.24 


2.65 


10.24 





5.7 


UQale 
(Big Cottqnwood Canyon) 


7 


Blueish 


4.75 


7.41 


2.78 


.7.42 


.135 


.143 


bnale 
(Blgf Cottonwood Canyon) 


8 


Gray- 
Blue 


2.42 


3.76 


2.80 


3.77 


.266 


35.2 


Limestone 
(Port Quarry) 


9 


Gray 


4.96 


7.90 


2.68 


7.90 





3.68 


Quartzlte 
(Red Butte Canyon) 


10 


Reddish 


3.44 


6.53 


2.11 


5.56 


12.22 


.828 


Quartzlte 
(Big Cottonwood Canyon) 


11 


White- 
Gray 


3.53 


5.65 


2.66 


5.66 


.177 


10.53 


Limestone 
(Parley'8 Canyon) 


12 


Green- 
ish 


2.16 


3.49 


2.62 


3.51 


.574 


25.56 


Quartzlte 
(Parley's Canyon) 


13 


Reddish 


3.18 


5.12 


2.63 


5.12 





1.478 


Sandstone 
(Eralgrratlon Canyon) 


14 


White 


3.72 


6.41 


2.38 


6.61 


3.13 


25.08 


Limestone 
(City Creek Canyon) 


15 


Blue- 
Gray 


3.65 


5.73 


2.75 


5.74 


1.74 


.474 


Sandstone 

(Red Butte Canyon) 


16 


Red 


2.79 


4.74 


2.56 


4.84 


2.12 


.368 


Quartzlte 

(Parley's Canyon) 


17 
18 


Whit4 


2.75 


4.43 


2.63 


4.45 


.453 


.647 


Slliclous Limestone 
(Red Butte Canyon) 


Green- 
ish 


4.92 


7.92 


2.64 


7.94 


.253 


12.09 


Gneiss 
(Bingham Canyon) 


19 


Dark 
Gray 


4.28 


6.82 


2.68 


6.83 


.146 


4.70 


Limestone 
(Ogden Canyon) 


20 


Blue 


2.96 


4.63 


2.77 


4.64 


.216 


14.42 


Calcareous Shale 
(Parley's Canyon) 


21 


Gray , 


2.03 


3.25 


2.66 


3.29 


1.23 


47.90 


Calcareous Sbale 
(Parley's Canyon) 


22 


Blue 


1.5 


2.45 


2.68 


* 




81.1 


Slag 
(Tampa Smelter) 


23 


Black 


3.31 


4.76 


3.28 


4.81 


1.05 


4.31 


Qnartzite 
(Bingham Canyon) 


24 


Gray 


3.82 


6.43 


2.46 


6.52 


1.39 





Quartzlte 
(Bingham Canyon) 


25 
26 


Gray 


1.59 


2.58 


2.6 


2.62 

4.7 

7.57 


1.54 


5.18 


Quartzlte 
(Ogden Canyon) 


Dark 
Gray 


2.72 


4.56 


2.59 


3.07 


6.80 


Granite 

(Big Cottonwood Canyon; 


27 


Gray 


4.67 


7.49 


2.65 


1.07 


2. 62 
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UNIVELRSIXY 



"The Head of the Public School System of the State.'^ 



The University of Utah includes the School of Arts and 
"^Sciences, the State Normal School, the State School of Mines, and 

■■^^\a School of Medicine. 



SCHOOL OF ARTS AND 
SCIENCES. 

The Scbool of Arts and Sciences 
^ offers c6urses in: 

1. General Science. 

2. JL.iberal Arts. 

3. Commerce and Industry. 

i. Government and Administra- 
tion. 

5. Journalism. 

6. Law (first -two years). 

7. Graduate Courses. 

STATE NORMAL SCHOOL. 

The Normal School offers: 

1. Science — Normal Course. 

Arts — Normal Course. 



STATE SCHOOL OF MINES, 
t 

The State School of Mines offers 
Courses In: 

1. Mining Engineering. 

2. Electrical ' Engitieerlng. 

3. Civil Engineering. 

4. Mechanicar Engineering. 

5. Chemical Engineering. 

6. Geperal Engineering. 

7. Irrigation Btigineering (in con- 
nection with the Agriculiural 
College ofUtah). 

8. Graduate Courses. 

"STUDY MINING IN A MIN- 
ING COUNTRY." 

SCHOOL OF MEDICINE. 
The School of Medicine offers: 
1 . Arts — Medical Course (four 
years.) 



The proximity of great mines, reduction works of various 
cinds, and power houses for the generation of electricity afford ex- 
cellent advantages for thorough and practical -v^rQrk in all the en- 
gineering courses. The shops and the various laboratories are thor- 
oughly equipped. 

The library is the largest and, best in the state. 
^..[ The facult}'- includes graduates from, /the best universities in 
America and Europe. 

The Catalogue, which gives full informati^^^^ ^^^-^ncer.. .. :, 
courses, etc:, will be sent free upon request. ; 

TJfJlVET^PTTY OF UTAH, 

alt Lake Oty, Utah. 
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